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(54) Method of controlling fine particulate flowback In subterranean wells 

(57) A weibore penetrating a subterranean forma- 
tion is treated with a fluid whereby fine particulate flow- 
back is reduced or prevented. The method includes the 
step6 of providing a fluid suspension including a mixture 
of a particulate coated with a tackrfying compound, 
pumping the suspension into a subterranean formation 
and depositing the mixture within the formation whereby 
the tackrfying compound retards movement of at least a 
portion of any fine particulate within the formation upon 
f low of fluids from the subterranean formation through 
the weibore. Alternatively, the tadofying compound may 
be introduced into a subterranean formation in a diluent 
containing solution to deposit upon previously intro- 
duced particulates to retard movement of such particu- 
lates and any fines subject to flow with production of 
fluids from the subterranean formation. 
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prcblam. The transported solids can erode oT^^^^T^Z^^ ST*™ * a 
the recovery process. The solids also can clog orXX SIw^T^ | h * rocarbon Production equipment used in 
tion- Further, the transported particulates completely stopping fluid produc- 

to the processing. ^ocuaies must De separated from the recovered hydrocarbons adding further expense 

The particulates which are available for transport mav be nrasent «... ^ _ 
andtor as a resuH of wel stimulation ireabrM^J^^^^^iy^' 9 * a stJbterrane£n <om*ton 

In the treatment of subtenanean fo^Soro^ ,nt0 8 «*terranean formation, 

a proppant in the near weflbore m B^^t^^^^Tl materiate 88 a *» and/or 

into fractures «JSi5 £££ ^P^reta^r^Sr 9 - fraC,Urin ° 0perafon8 ' 
a point where fractures are developed. Prc^J«s^^^ a l^S£ SUbterranean «** formations to 

from the weltwre within toe fractoTesMtheV^ f ' Uld te outw ^V away 

ing pressure, toe proppant materia* ™2?i^ Upon retoase of pum? 

ing a channel for flow of formation fluids back to toev^bSe se P ara *>d '«* faces .n an open position form- 

Introduction of toe proppant materials into toe fracturing fluid often ;„ ». 

proppant material as it passes through the oumoina anrf ^i!^ J ,n the cru8h,n fl of some portion of toe 

fine crushed materia, nChave a panVdelS^^^ J 1 * ** 5ubtSfranean *™ation- This 

less than 600 mesh on the U.S. aeT^e^ A^wh^Bn^t^ ^* ** eizeo,th * original proppant material to 
crushino of toe proppant material may ocouTpn^C^LrT^ t*" * ^ * *• —» 

the subterranean formation may itse/retease^s^ proppant ooes not occur, 

ing of toe formation wall which causes fon^Z panSJaS to oe mL^Se? ^ 88 8 r88utt * «P»«"0. scour- 

or hydrocarbons such as coal fines frnm wJlr'J \1 600 mesh * 7116 fines ™y comprise sand shale 

isproducedtoefnest^^^ 

The hnes also can flow with any productionZS v^Z*^^ * of the pack 

Produ^Xr^ 

wen after a stimulation tieatrnent^r^Tfiowb^^n^fi^* ,8described as "aggressive- f towback of toe 
about 0.001 to about 0. 1 ^^p^^t^^S^L^l ZS^Jl *"«"**« ™ * a rate of from 
subterranean formation. Suchflc^SU^erate^^ 

into toe formation. The rapid fbwrate can resuftmianTauan^lJSL^ ^ fte ^°OPant introduced 

occurs causing permeability loss within thelon^*!^^ 

the cost of resrn-coaied proppant is high, and is toereforeusrrfo^^^,",^^ 6 ftowba <* artuations. Further, 
tiie proppant placement Resin-ceated%^^^ 

difficulty in placing it uniformly within toiiractiWand a£EJ?i!?2l * ?™ nQ 8 mrafion °ad since there is some 
fracture conductivity. Resin coated prcpoanTa^r^ " C08t,n ° oan have a deleterious effecTcn 

te^auchasBuaTorhydrox^ 

crossing and/or ^ea^^^^X^^^^^- This interaction reeutts in 222 

the near-wettoore araa in «der to 

cally. such soiled -gravel pacWnVope^^ 

having a mesh size between^, o^n^mesh^ £e S ^Zd^T^ 0 * " quanWy * gn^el andfor sand 
ten adjacent to toe weflbore. Sometimes n^Tp^^r^T^ f^ 8Senes into * e unconsolidated forma- 
times also desirable to bind the grave. tJElZgSl S^fc^Z^!!^ ^ Pa<*- » is some- 
can pass vvhile straining out and retainmgTelbu?^ unc^cS^ JZTITT' **** iorma6on *** 
bore area by the formation fluids. The gravel pa^ mT^^^!!!^ ' traf,fi P orte < , *> *e near wel- 
can be cured by an overfish of a chemfcd 5^2* ^^Z^T^"^"**'* *th»pre-cured or 
various hardenabtebnding agents or hardenabte^e^^^l? « «n place, ft has also been known to add 
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duced into the subterranean formation. The fibers generally have a length ranging upwardly from about 2 milimeters 
and a diameter of from about 6 to about 200 microns. Rbr illated f bets of smaller diameter also may be used The fibers 
are believed to act to bridge across constrictions and orifices in theproppant pack and form a mat or framework which 
holds the particulates in place thereby Imiting particulate f lowback. The fbers typically result in a 25 percent or greater 
I06S in permeability of the proppant pack that is created in comparison to a pack without the fibers. 

While this technique may function to limit some f lowback, it tails to secure the particulates to one another in the 
manner achieved by use of resin coated particulates. 

U.S. Patent 5,551.514 discloses a method for sand control that combines resin consolidation and placement of a 
ftorous material in intimate mixture with the particulates to enhance production without a grave! pack screen. 

It would be desirable to provide a method which wtl bind greater numbers of fines particles to the proppant material 
in such a manner that it further assists in preventing movement or f lowback of particulates from a weltoore or formation 
without significantly reducing the permeability of the particulate pack during aggressive f lowback of treatment fluids. 

We have now devised a method of treating a subterranean formation containing fines, to inhtoft the flow of the fines 
back through the wejfoore wfth the production of hydrocarbons, without significant effects upon the permedWWy of the 
particulate pack. 

According to present invention, there is provided a method of treating a subterranean formation to control fines 
migration, which method comprises the steps of introducing a treatment fluid into a subterranean formation through a 
weltoore at a rate and pressure sufficient to create at least one fracture in said formation; admixing with at least a por- 
tion of said fluid, a particulate which is introduced into and subsequently deposited within said fracture; admixing with 
at least a portion of said particulate an effective amount of a liquid or solution of a tackifying conpound whereby at least 
a portion of said particulate is at least partially coated by said compound such that the continuous crfticaJ resuspension 
velocity of said at least partially coated particulate Is increased by in excess of about 30 percent when tested at a level 
of 0.5% active material by weight over said particulate alone with water; depositing the tackifying conpound coated par- 
ticulate in the subterranean formation: and flowing back fluid from the formation whereby the tackifying conpound 
coated particulate retards movement of at least a portion of any fine particulate flowing back to said wellbore within said 
formation by adhering said fines to said coated particulate. 

In the method of the invention, the particulate material coated with tackifying compound adheres to fine particulate 
material thereby creating agglomerates which bridge against other particles in the formation to prevent particulate flow- 
back and fines migration. The tackifying compound also may be introduced into the subterranean formation prior to or 
after introduction of the proppant particulate. 

The coated material is effective in inhforting the f lowback of fine particulate in a porous pack having a size ranging 
from about that of the proppant material to less than about 600 mesh in intimate admixture with the tackifying compound 
coated particulates. 

The coated material is effective in consolidating fine particulate in the form of agglomerates in a formation as a 
result of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive f lowback of 
the treatment fluid. 

In accordance with present invention, a Squid or solution of a tackifying conpound is incorporated in an intimate 
mixture with a particulate material such as conventional proppants or gravel packing materials and introduced into a 
subterranean formation. 

As used in this specification, the term Intimate mixture" will be understood to mean a substantially uniform disper- 
sion of the components in the mixture. The term "simultaneous mixture" will be understood to mean a mixture of com- 
ponents that are blended together in the Initial steps of the subterranean formation treatment process or the preparation 
for the performance of the treatment process. 

The coated particulate or proppant material may comprise substantially any substrate material that does not unde- 
sirable chemically interact with other components used in treating the subterranean formation. The material may com- 
prise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 
materiaJ also may comprise an adcftional material that is admixed with a particulate and introduced into a subterranean 
formation to reduce particulate f towbacfc. In this instance the additional substrate material may corrprise glass, ceranvc, 
carbon composites, natural or synthetfc polymers or metal and the tito 

ings, platelets and the like. In this instance, the additional substrate material generally wil be admixed with the particu- 
late in an amount of from about 0. 1 to about 5 percent by weight of the particulate. 

The tackifying compound conprises a liquid or a soMton of a compound capable of forming at least a partial coat- 
ing upon the substrate materiaJ with which it is admixed prior to or subsequent to placement in the subterranean forma- 
tion. In some instances, the tackifying compound may be a sotid at ambient surface conditions and upon initial admixing 
with the particulate and after heating upon entry into the weltoore for introduction into the subterranean for mat ion 
become a metted liquid which at least partefly coats a portion of the particulate Compounds suitable for use as a tack- 
ifying compound conprisesubst ^ ^ 

hardening coating, by themselves, upon the particulate and preferably wifl increase the continuous critical resuspension 



EP0S79 935 A2 



25 



30 



35 



40 



45 



50 



55 



^p2S^ * I * ^ excess a, 

erabfy, the continuous critSrSusZ^ ^^^1^ ^r^.r^ ^ materiaJ COTO «*Htion. Pref- 
preferably at least about 50 perSo^S S^^^^^,^* 8 a"* 18 ™* 

s prise polyamides which are liquids or in solvent solution^ pre ^ u ed 8™* °* tockrfying compounds corn- 

such that the polyene ar e^by t^e^^^ e ^ Vb^n*^ Z^£Z^-2T* te * 
tsrranean formation. A particularly preferred produTis a^^Z^o^J! Peculates introduced into the sub- 
available poryacids and a poNamtol aJZESSi TploSSSl SE^^""^ * 
acids containing some trimer and higher oligomers^* atao 88 moc,ure8 01 °3« dibasic 

» polyarnines. Other poiyackte inciude torrT^SJ s^nSc a^^,^" 0 "^ **** 8/8 reacted 
acrylic acid and the like. Such acid co^n^^^^J^^ T *** anhydride and 

Chemta... and Emery Irxtustnes ThTrla^^ Union Camp, 

and Wrtco Corporation. ^ 8 ava-ab,e from - "ample. Champion Technologies. Inc. 

- ^pirr^T^CTor^ 

"iacturing industry, thelotyacids a^SSS X an^TSL" S^™- M '• — '«-" «" ^ernan- 
mildly exothermic formation of the armde^to^X ^ htS^l"??,! Wh8fe ' a9rtation ' the 

and formation of the polymer melt by poly^n^s^ to pr ° trrote «"**>ermic dehydration 

P^mtde. The molecule, weight StST^ rc^r^^r?^ ^ 

20 heating^te. and judicious use of mor»fur«3 and^S^o ZES ^ ratk > <" 

axcess of polyamine is present to prevent runaway chain DmL^!f IV^l™? chaJn P"*»oatfon. Generally an 
«on. if desired. Often a solvent such as an ISlS? ^ * r8moved * 

a liquid solution that can readily be handled I ^S^*de«2S nil!. C °^ ensation reacfo " Product to produce 
fmm about 225-F to about urnera 2oZT^Z te "f^'*- at a temperature of 

3KKS~ ^ ^ ^SCr,5S te^ne" X^p^ 

from *out 1 00 to about 200-F over a period rtSab^^e^Sunl 81 * t8n *»"*™ * 

- SSSLS ^eaT^^ -rrpourto 

pofyesters. Pdyoarbonatesartopo^^ 

The surprising rfc™*,^ h«; i ^ r sucn 88 sneiiac and the like. 

poiyacid suXKev^e^ can also be produced by the reaction of a 

ous polycwcptesplSS V^^^^^^^ 1 a ' Uminum - iron "to 
muKvalent ton to yieto a toct^ng^*^ °r polysflicates may be reacted with a 

pourxte rnay be utilized whicTw7^^ 

t»n temperatures in the treatment fluids. AfternaXeTch^ ^Tl^!? *Y*oiyze at the subterranean torma- 
crwc acid, hydmxypropionates and the Oka ZSSSSL mT^^V^T ^T" «*h * 

the tacWfying compound in-situ within the sUb^^^!S^^^• Possible to generate 

ions presort in toe freatmertfluidw^ 

ring in the formation or introduced with the toSmeTSd ' muH,V8,ent may be either naturally occur- 

the larger quantities generally do not signiS^eaee ™£££Zt2? 'arger quantities may be used, however, 
of the Particulate pade Preferably, the LS o^^^Z^wS SlS^SjS^ «" P 8 ^^ 
ranean formation in an amount of from abouTat to^bo^.0 cSenTt^^ ^S^f 0 ^ into ^ 

When the taddfying compound is utilized wUhln^Z r^HT^}^ ^ 01 ** coated Particulate. 
«tobea.,east^co^K^^ 

in an amc)urt of from about 1 0 to about 250 pereen^^ 
and g^eraifyfr™ about 0^ 

coated material is intimatefy admixed. Prefen^^ef*^ 6 ^!!^ quanWy 01 which the 

about 150 percent of the materia, ^^X^^^^^^^^ 

to the particulate At least a portion of the tacWfvino^^™!^ 8 ! tactafymg compound and then added 

coalatleaaaporttonoftf^ 

The^orsoa^oftoc^cc^ 
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the subterranean formation and the adhered fines to limit or prevent the f lowback of fines to the weilbore. 

The liquid or solution of tackifying compound generally is incorporated with the particulate in any of the conven- 
tional fracturing or gravel packing fluids comprised of an aqueous fkid. an aqueous foam, a hydrocarbon fluid or an 
emulsion, a viscoeifying agent and any of the various known breakers, buffers, surfactants, clay stabilizers or the like. 

5 Generally the tackifying compound may be incorporated into fluids having a pH in the range of from about 3 to 
about 12 for introduction into a subterranean formation. The compounds are useful in reducing particulate movement 
wrthin the formation at temperatures from about ambient to in excess of 275°F It is to be inderstood that not every tack- 
ifying compound wiU be useful over the entire pH or temperature range but every confound is useful over at least some 
portion of the range and individuals can readiy determine the useful operating range for various products utilizing well 

10 known tests and without undue experimentation. 

It has been discovered that the incorporation of or addition of certain surfactants to the fluid suspension can 
improve or facilitate the coating of the tackifying compound upon the particulate. The addition of selected surfactants 
has been found to be beneficial at both elevated fluid salinity and elevated fluid pH as wei as at elevated tenperaturee. 
The surfactants appear to improve the wetting of the particulates by the tackifying compound. Sufette surfactants 

19 include: nonionics, such as. long chain caiboxylic esters such as propylene glycol, sorbitol and polyoocyethylenated 
sorbitol esters, polyoxyethylenated alkylphenote, afcyphenol, ethoxyiates, alkyglucosides. alkanoiamine condensates 
and alkanolarrodes; anionics, such as. carboxylic acid salts, suiphonic acid salts, sulfuric ester salts and phosphonic 
and polyphosphoric acid esters; cationics. such as, long chain amines and their salts, quaternary ammonium salts, 
polyoxyethylenated long chain amines and quatemized polyoxyethylenated long chain amines; and zwitterion, such as 

20 n-aikytbetaines. 

The liquid or solution of tackifying compound generally is incorporated with the particulate as a simultaneous mix- 
ture by introduction into the fracturing or gravel packing fluid along with the particulate. Fracturing fluids are introduced 
into the subterranean formation at a rate and pressure sufficient to create at least one fracture in the formation into 
which particulate then is introduced to prop the created fracture open to facilitate hydrocarbon production. Gravel pack- 
25 ing treatments generally are performed at lower rates and pressures whereby the fluid can be introduced into a forma- 
tion to create a controlled particle size pack surrounding a screen positioned in the weilbore without causing fracturing 
of the formation. Alternatively the gravel pack may be performed without a screen, if consolidatable particulate is uti- 
lized, and the pack may fill the weilbore. Thereafter, the pack may be drilled out flushed or reamed to open a passage 
in the bore, if necessary The particulate pack surrounding the weilbore thai functions to prevent fines or formation par- 
30 ticulate migration into the welfoore with the production of hydrocarbons from the subterranean formation. The tackifying 
compound may be introduced into the fluid before, after or simultaneously with introduction of the particulate into the 
fluid. When the tackifying compound is generated in-situ in the formation, the reactants may be introduced individual 
as described above for the tackifying compound and the multivalent ion source may be naturally occurring or introduced 
into the formation. The liquid or solution may be incorporated with the entire quantity of particulate introduced into the 
35 subterranean formation or it may be introduced with only a portion of the particulate, such as in the final stages of the 
treatment to place the intimate mixture in the formation in the vicinity of the welfoore. For example, the tackifying com- 
pound may be added to only the final 20 to 30 percent of the particulate laden fluid introduced into the formation. In this 
instance, the intimate mixture wfll form a tail-in to the treatment which upon interaction wrthin the formation with the par- 
ticulate will cause the particles to bridge on the agglomerates formed therein and prevent movement of the particles into 
40 the weilbore with any produced fluids. The tackifying compound may be introduced into the blender or Into any flowfine 
in which it will contact the material to be at least partially coated by the compound. The conpound may be introduced 
with metering pumps or the like prior to entry of the treatment fluid into the subterranean formation. 

In an alternate embodiment, the particulate may be premixed with the tackifying conpound prior to admixing with 
a treatment fluid for use in a subterranean formation. 
45 The surprising discovery has been made that when a polyamide is utilized as the tackifying compound, ferrous 
metal in contact with the treatment fluid has been found to exhibit extended corrosion inhibition. It has been determined 
that minute amounts of the polyamide are dissolved from the coated particulate by hydrocarbons flowing through the 
formation and into the welfoore and that such quantities provide extended corrosion protection to the ferrous metals 
contacted thereby and that also are in contact with aqueous fluids introduced into or produced from the subterranean 
so formation. The polyamide material 
from contact with aqueous fluids. 

In yet another embodiment of the invention wherein a previously performed fracturing treatment or gravel pack is 
producing back proppant or formation fines with the production of hydrocarbons, a remedial particulate control treat- 
ment may be performed In this instance, the tac^^ crude 
55 oil. distillates, butyl alcohol, isopropyl alcohol, a heavy aromatic solvent such as xylene, toluene, heavy aromatic naptha 
or the like, mutual solvents such as ethylene glycol monobutyf ether, propylene carbonate or n-methyfoyrofidone or the 
like. The tackifying compound generally wiH be present in an amount of from about 0.5 to about 30 percent by volume 
of the solution to be used to treat the subterranean formation. The tackifying compound also may be admixed with 
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fines in the produced fluds axrtStf^SSS^ ^n^^J^^* 1 ! re8um P fon 01 ^rocarbon production. As 
tendtobecc^bc*ndto1^^ 

wilh produced hydrocaroons. Introouc^to SSh^ Tcc^5SiS^.S*? iTt proppant " P** 
flow rates (rates below that necessaYvteT Zr^XS^l^^ ,nto * e subterranean formation at matrix 

formation or reopen or extend fractures irZhe s*£5netn" iUSS pr ° Ppant m 8 subtefranean 

Figure 1 provides a schematic illustration of a test acoaratus utilize tn h^^v,^ 

for a coated substrate material. warmus utilized to determine the critical resuspension velocity 

SHr"! J ^S 66 illustration °* «ample permeability. 

figure 3 provKJes photomicrographs of untreated and treated samples illustrating fines retention. 
To further illustrate the present invention and not by way of limitation, the Wowing Examples 
EXAMPLE I 



are provided. 



30 



40 



lowi^t^ 

be coated. Referring now Vatostlipp^^ 

W glass tee 10 which is connected to an wjsc^il 2221? S^Z?M 7118 apparatus comprises a 
A water slurry of particulate is asoirated Znf£?ZL n * . ^ m oul,et 14 disoosal «ne is blocked to fluid flow 
against a screen S^£SZS£ll * iSZlZZZ T ""^ ^ 16 b * ^aSn 

end of portion 16. The flcwXJVom^ 

pump, such as a "MOYNO"pump. is connected to WeM^and J SSJES^-f!!^ " ^^etrfosJIy controlled 
fluid is slowty increased throughWet 12 uSttefi^ The velocity of the 

stream. This determines the baseline for thea^nnnf *? matenai » P«*ed up by the flowing water 

un^eremovaiofpartici* 

rty. The test then is terminated and the apparatus is refiled S ea^^^ J^ " jnt,nuou8 resuspension vetoc- 
percert active material by weight of theSi^ ^ 

the concentrations tested are from ai»utO Ito^cTa^!^^!^ fleneraMy seen in the results when 

ferred appiicatton range is ^Jt^^^^^^^^^ ***** 18 *• 

value^elT^^ tS'Spfo^^ - «- or continuous baseKne 

and phenolic resins Known for use ino^i^^^ST^l^ ** pre8ent " wen,jon ' ^ conventional epoxy 
sand are set forth betow in Table* COn8 °" dat,0n '"a™"* ,n subterranean formations with 12/20 and 20/40 me3. 
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TABLE I (continued) 



Test Nkx 


Particulate Size 


Coating Agent. % V/Wt 


Percent Of Velocity Change 
At 








Starting 


Continuous 


4 


20/44*) rfiAfih eorvfl 


i pa worn pnonouv 


-0.5 


6.5 


c 


on/4/) mAfih fiarvi 

fcWtV iiitson DCUIU 


i poiccfn pntjnutic 


_g 


-6.8 


w 


Of\JAf\ moeh eanH 
fcWHU II NSOtl ocuHJ 




-Q 


-1.2 


1 


Of\JA/\ mach conH 

tu/w rnesn sano 


i perceni ©poxy 


5.2 


12.2 


A 

© 


■ €jc\i moon oof hj 


i/st poTCoTu poiyarTioe 


228 


173 


9 


12/20 mesh sand 


1 percent polyamide 


367 


242 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


11 


12/20 mesh sand 


1 percent phenolic 


42 


13 


12 


12/20 mesh sand 


1/2 percent epoxy 


46 


30 


13 


12/20 mesh sand 


1 percent epoxy 


36 


15 



The data dearly illustrates the substantial increase in the critical resuspension velocity of a particulate coated with 
the tackrtying compound in comparison to other known formation consolidation agents which require hardening to be 
effective 

25 

EXAMPLE II 

To illustrate the abiity of the tackifying compound to control fines, the toflowing tests were performed. 
Two sand slurries were prepared and placed in 1 inch cfiameter, 36 inch tal glass columns having a screen and a 
so one hole plug stopper at their lower ends which was sealed off. The slurries comprised 250 mi of a 25 b/1 000 gallon 
hydrated guar, 300 grams 20/40 mesh Brady sand containing 7.4% by weight of 50 mesh and smaller fines material. 
0.5 ml enzyme breaker and 0.5 ml. borate crossl inker. One percent by weight of the tacWfying compound of the present 
invention was added to the second slurry. 

The slurries were allowed to sit static for 48 hours. The first column settled to a height of 21.125 inches and the 
36 tacttfying compound containing sample settled to a height of 21 .875, inches. 

The broken fluids were remcved from the columns above the settled sand in the columns and replaced with water. 
The columns were attached to a constant head water supply. While maintaining the water supply constant, the hole in 
the bottom stopper was opened, water flow rates and permeabilities were determined. The sand packs had settled dur- 
ing the water flow to 20.5 inches and 21 .625 inches respectively. 
40 The flew was resumed, using kerosene and flow rates and permeabilities were determined. Pack heights settled to 
20. 1 25 inches and 21 .437 inches, respectively. 

The difference in the permeabiflty of the packs in the columns is illustrated in the chart comprising Figure 2. The 
difference in the final pack height is an indication of the agglomeration of the fines with the larger particles preventing 
dose packing by fines movement as occurs in the untreated column. The lower permeability of the untreated pack also 
46 indicates fines migration has occurred. 

The stabilization properties of the method of the present invention also are determined by flow through an Ameri- 
can Petroleum Institute approved simulated fracture flow ceil. 

The ceil contains Ohio sandstone cores having a proppant bed size of about 1 .5 inches in height, about 7 inches 
in length and about 0.25 inches in width between the cores. The bed is inrtialy prepacked with 20/40 mesh sand by 
so introducing the sand into the cell in an aqueous slurry or a gelled fluid containing 40 pounds of guar per 1000 gallons 
of aqueous fluid. The ceil is fitted with a 0.3 inch hole at one end to simulate a perforation. The hole is viable through a 
sight glass so that proppant production, if any. through the hole can be visually determined. 

The conductivity of the pack is determined at a stress loading of 2000 and 3000 psi tor the untreated sand. 
The cell then was deaned and packed with another proppant pack containing 0.5 percent by weight tackifying com- 
56 pound for testing. The results of the tested materials are set forth in Table II. beJow 
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CONDUCTIVITY,mD/ft at 




2000 psi loading 


3000 psi loading 


untreated sample 
treated sample 


4251 
5130 


3487 
3829 



EXAMPLE III 



farmS i '^ i ^ t !!f^ eC ! iV8n8S8 01 the tacWf y in 0 compound in controlling fines, the following turbidity tests were oer- 

tion ZrH-toZTlL , ^^Z*" anWy taetafying compound was admixed with a sample and the turbidity ofthesolu- 

£3 il^^' ^ ^* ^ meS8Ured Fbrma2i " Turt *«y Units utilizinTaColeman ^II^SS- 
tometer, Model 6-20. The resufts are set forth in Table III, below. apsctropno- 



TABLE III 
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SAMPLE 


TACKIFYINQ COM- 
POUND, ml 


TURBIDITY FTU 


1 


0 


43 


2 


0.25 


38 


: 


0.5 | 


18 




1.0 


12 



finJS**? ^S* 1 USI ' n ° 20/ ^i Brad y frac sand to which is added 0.2 grams of silica flour to simulate a hioh 
fines content. The turb«drty was measured as previously described. The results are set forth h tSIle |?^e22. 
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TABLE IV 



55 



SAMPLE 


TACKIFYINQ COM- 
POUND, ml 


TURBIDITY FTU 


1 


0 


337 


2 


0.25 


137 


3 


0.5 


56 


4 


1.0 


29 



EXAMPLE IV 

^Tb illustrate the effect of the tadtifying compound on controlling fines migration in coal seams two tr^t™^ -« 
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treatments comprised approximately 2000 gallons of 1 5% acetic acid. 24,000 gallons of a guar containing pad, 60.000 
gallons of a fracturing treatment including approximately 300.000 pounds of 12/20 sand and 2000 gallons of flush fluid. 
The fracturing fluid comprised a borate crosslinked fluid containing 20 tos guar per 1 000 galons of fluid. The fluid also 
contained day control additives, surfactants, gel breakers and biockJe. One treatment included approximate 1.0 percent 

5 tackifying compound added to the sand during performance of the treatment 

The initial production of the wells was about 180 MCF per day and about 180 BWPD. Post frac production after 
cleanup of fracturing treatment fluid on the well without fines control is about 500 MCF and about 400 BWPD. The well 
having the treatment utilizing fines control techniques of the present invention after clean up of fracturing treatment fluid 
is producing about 800 MCF per day and about 600 BWPD. The first well is producing fracturing treatment sand and 

w coal fines into the welbore along with the production of gaa The well treated with the tackifying conpound is not pro- 
ducing measurable amounts of fines or fracturing treatment sand. 

EXAMPLE V 

is To ilustrate the corrosion inhibition of a f im of the tackifying compound comprising polyamides. the following tests 
were performed on carbon steel coupons weighing approximately 1 gram at 160°F. in simulated sweet and sour well 
conditions. 

Test fluids are placed in sealed bulk containers and purged for a minimum of six hours with carbon dioxide. For sour 
gas tests. HgS then is bubbled into the container for 1 5 to 20 minutes. The proper amount of poiyamide is dispensed by 

20 syringe into each test bottle. The test bottles are 7 ounce capacity. The blank samples contain no poiyamide. Each bot- 
tle is purged with carbon dioxide to displace air and a previously weighed and cleaned sarrple coupon is placed in the 
bottle. A quantity of 108 ml of NACE brine and 12 ml of kerosene then are added to the bottles from the purged bulk 
containers. The bottles are capped and placed on a rotating wheel and rotated tor 1 hour at 1 60 P F. ± 10*F. The bottles 
then are removed from the wheel and the coupons are transferred to bottles containing brine and kerosene without 

25 inhibitor under a carbon dioxide purge to rinse the coupons The blanks are not transferred since the blank sarrple bot- 
tles contain no inh&itor. The bottles are returned to the rotating wheel for an adcfitional hour. The bottles then are 
removed from the wheel and the coupons are transferred to botties having the same brine and kerosene mix without 
the poiyamide. The transfer is effected under a carbon dioxide purge and the bottles are returned to the wheel tor an 
additional 72 hours at about 160°F. to determine corrosion effects on the samples. Sarrples containing l-feS were 

30 returned to the wheel only tor 24 hours. After completion of the exposure time, the coupons are retrieved from the bot- 
tles, cleaned, dried and weighed. The corrosion loss then is determined. Each sarrple is run in triplicate and the values 
are averaged to determine the loss for a sarrple condition. The results of the tests are set forth in Table V below. 
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Sample 


Poiyamide Concentra- 
tion, ppm 


H2S Present 


Corrosion Rate. tos/ft2 


1 


0 


No 


8.564 


2 


2500 


No 


1.233 


3 


50 


No 


1.103 


4 


0 


Yes 


3.193 


5 


2500 


Yes 


0.183 


8 


50 


Yes 


0.455 



The poiyamide film formed on the ferrous metal surface in contact with the aqueous fluid provided significant cor- 
so rosion protection in comparison to samples having no film as a result of contact with the tackifying conpound. 

While the present invention has been described with regard to that which is currently considered to corrprise the 
preferred embodiments of the invention, other embodiments have been suggested and stifl other embodiments will 
occur to those individuals skilled in the art upon receiving the foregoing specification. 

55 Claims 

1. A method of treating a subterranean formation to control fines migration, which method comprises the steps of 
introducing a treatment fkiid into a subterranean formation through a weflbore at a rate and pressure sufficient to 
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P""*f a *' east 006 ««id formation; admixing with at least a portion of said fluid, a particulate which is 

irrtrcduced into and subsequently deposited within said fracture; admixing with at least a portion of said particulate 

^,f^r Urt ^ U * 0r * 8 whereby at least a pJSn of s^SSSeS 

at leastpartally coated by sad conpoundsuoh that the continues cr^ 

bally coated peculate is increased by in excess of about 30 percent when tested at a levalaf 0.5% ac£e ™S 
by weHJht over said particulate alone with water; depositing the tacttfying compound coated partSlaSIn 
terranean formation; and flowing back fluid from the formation whereby the tacWfying ajnrxwnd coated particulate 

fro^*^^^ 

4 " ac ^fT° to claim 1. 2 or 3. wherein said coated particulate has a continuous critical resuspensfon veloc- 

ity in excess of 50 percent over said particulate atone. 

X * PoIyanS. aCCOrdina * 3 *' **" ^^'^ com P° und comprises a liquid or solution of a 

6 - J ™^ according to claim 1 . 2. 3 or 4. wherein said tackrfying compound comprises predominantly a condensa- 
25 ° ,adimafadd COntelnin0 80n " Wnw — h **" and P Jome rZ^Z^Z 

7 " i^Sli 8 *^!? * ? alm 6 " wherein ^ POlyamine comprises at least one member selected from the orouo of 
ethylened.am.ne, d.ethylenetriamine. triethylenetetraamine. tetraethylene pentaamine and amJSeSywinSS. 

30 8. A method according to claim 6 or 7, wherein said tactofying compound has been quaternized. 

9. A method according to any of claims 1 to 8. wherein said particulate comprises sand, ceramic particles resin 
n^JlSS. bSadS ' ^ partJc.es aZ^ a^SJf^ 

m fLiTSSlff 0 *^ 10 ""^ 01 Ctaim8 1 10 9 ' wherein fitment fluid includes a further particulate material 
selected from metal, natural or synthetic polymers, ceramics and glass. panrcuiaie material 

S^XSSTS^ 10 ' Where ' n ^ P8rtieu,ate material i8 - the form of ft^ beads, ribbons. 
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Tim* (mfn) 
Figure 2 
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